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Appendix A: Deer and Vegetation Monitoring Protocol 

Introduction 

The following appendix describes the protocols for deer and vegetation monitoring 
related to implementation of the White-tailed Deer Management Plan at Valley Forge 
National Historical Park (NHP). These protocols do not include monitoring associated 
with the park’s Chronic Wasting Disease (CWD) Response Plan. See Appendix C for 
a description of monitoring associated with the CWD Response Plan. 

Deer Monitoring Protocol 

Fall Spotlight Counts 

Fall spotlight counts have been conducted by park staff since 1986 and represent the 
data with the longest period of record. The counts provide an assessment of trends in 
deer population size over time. Methods used in assessing these trends follow those 
recommended by Cypher, Yahner, and Cypher (1985). Due to the fact that there is 
no estimate of the number of deer observed during spotlight counts, this method 
does not provide an accurate estimate of deer population size. The following factors 
are taken into consideration when conducting spotlight counts.  
 
Timing: Five spotlight counts would be conducted annually during a 2-week period 
in October. Historically, counts have been conducted as early as October 10 and as 
late as November 1. Counts have typically been conducted successfully during the 
last 2 weeks of October. Conducting these counts later than November is not 
recommended, due to the change in deer movement patterns associated with the 
breeding season.   
 
Weather: Ambient weather conditions should meet minimum standards (wind – less 
than 15 miles per hour [mph)]; rain – less than heavy and not steady; visibility – 
greater than 1 mile) as reported by the local weather service and measurement at the 
Valley Forge NHP weather station. Should conditions fail to meet minimum 
standards, the spotlight count would be postponed. 
 
Vehicle Type: A vehicle that sits high above ground level, such as a pickup truck, 
should be used to conduct counts to facilitate deer observation. A National Park 
Service (NPS) pickup truck is recommended for safety purposes, as it is equipped 
with flashing warning lights. A flashing light has no detectable effect on spotlighted 
deer (Cypher, Yahner, and Cypher 1985).   
 
Data Collection Period: Counts should begin 1 hour after official sunset and require 
approximately 2 hours to complete. 
 
Driving Route: The spotlight-count route should remain the same as in previous 
years. This route covers approximately 15.5 miles of roadway located south of the 
Schuylkill River, within the park. Roadways or portions of roadways included on the 
route are Inner Line Drive, Outer Line Drive, County Line Road, Route 23, Route 
252, and Yellow Springs Road. The majority of parking areas along the spotlight 
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route also are included during the count. The route should be driven at 5-10 mph. 
Since 1998, one section of the driving route along Route 23 east and west has 
become hazardous due to high traffic volume. Therefore, this section of the route 
should be driven along the Joseph Plumb Martin trail wherever possible.   
 
Observers: As least two observers are required to conduct the count - one 
responsible for counting deer and one to drive and assist with spotting deer, when 
possible. 
 
Data Collection: Ambient weather conditions should be recorded at the start and 
end of each count using a Kestrel pocket weather meter. Start time and end time, 
date, observer names, spotlight candlepower, and vehicle type also should be 
recorded prior to initiating each count. 
 
Observers would use handheld spotlights for each survey. Spotlight candlepower has 
changed over the years, ranging from 200,000 candlepower to 400,000 candlepower 
due to changes in technology. It is recommended that a similar candlepower 
spotlight be used as long as possible (e.g., 200,000 candlepower spotlights are no 
longer available). When deer are located, the vehicle should be stopped (as 
necessary) to allow the observer to count deer as accurately as possible. Observers 
may use binoculars to count the number of deer. The number of deer observed is 
recorded and the count continued. The total number of deer observed during all five 
counts combined should be divided by five to yield an annual population index. 
These indices can be compared among years to determine whether deer population 
size is increasing, decreasing, or stable. Observers should be careful to avoid double 
counting animals. 

Spring Compartment Counts 

Spring compartment counts have been conducted by park staff since 2000. This 
survey is based on a mark-capture study conducted between 1997 and 1999. The 
study developed a sighting index, expressed as the proportion of the number of 
marked deer seen to the number of marked deer known to occur. The number of deer 
observed during spring compartment counts is divided by the sighting index to 
generate an estimate of the deer population size within the park. Methods for 
recording this data follow those developed by Lovallo and Tzilkowski (2003). While 
this is a standard method for estimating population size (Conroy and Nichols 1996), 
it may become less accurate over time as park vegetation changes and there are 
changes in deer mortality, etc. Therefore, in the long-term, spring compartment 
counts should be used as a park-wide abundance index (Lovallo and Tzilkowski 
2003), particularly if changes in plant communities alter visibility. The following 
factors are taken into consideration when conducting spring compartment counts.  
 
Timing: Three compartment counts should be conducted annually during the spring 
– usually the last two weeks of April extending into the first week of May depending 
on timing of spring “green-up.” Historically, spring counts have been conducted as 
early as April 18 and as late as May 8. 
 
Weather: Ambient weather conditions should meet minimum standards (wind – less 
than 15 mph; rain – less than heavy and not steady; visibility – greater than 1 mile) 
as reported by the local weather service and measurement at the Valley Forge NHP 
weather station. Should conditions fail to meet minimum standards, the survey 
would be postponed. 
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Vehicle: A vehicle that sits high above ground level, such as a pickup truck, is 
recommended to facilitate deer observation. An NPS pickup truck is recommended 
for safety purposes because it is equipped with flashing warning lights. However, 
type of vehicle for most routes is not as important as in spotlight counts because 
observers may get out of the vehicle and walk to areas to more easily observe deer. 
Compartment 1 requires use of a 4-wheel-drive vehicle due to the nature of the 
survey route. Use of flashers for all vehicle types is recommended. 
 
Data Collection Period: Counts should be conducted during a 60-minute survey 
period beginning one hour before sunset (6:45-7:00 pm) and ending just after sunset 
(7:45-8:00 pm). 
 
Compartments and Driving Routes: Five compartments, established as geographic 
sampling units for vehicle-based spring deer counts by Lovallo and Tzilkowski 
(2003), should be surveyed using established survey routes (see Figure 11). 
Compartments vary in area from approximately 1.0 to 1.3 square miles. 
Compartment boundaries are based on roads, streams, forest boundaries, and 
topography and were designed to minimize deer movement among compartments 
during counts. Driving routes follow all accessible roadways within a designated 
compartment. All roadways should be traversed slowly, at least once during each 
survey period. An observer may leave the vehicle and traverse a compartment on 
foot when terrain features obstruct viewing opportunities from roadways. 
 
Compartments located south of the Schuylkill River should be surveyed 
simultaneously by multiple observers to prevent duplicate counts if deer traverse 
from one compartment to another. 
 
Observers: At least two observers are required to conduct the survey - one with 
primary responsibility for counting deer and one to drive and assist with counting 
deer. 
 
Data Collection: Ambient weather conditions should be recorded at the start and 
end of each count using a Kestrel pocket weather meter. Start time and end time, 
date, observer names, and compartment number should also be recorded prior to 
initiating each survey. 
 
Observers should be provided with an aerial photograph of each compartment, with 
compartment boundaries and driving route indicated, as well as binoculars. All deer 
observed should be counted and recorded on a data sheet and on the aerial 
photograph where the deer were actually seen. Locations where deer are counted are 
indicated by using consecutive letters (A, B, etc.) on the aerial photograph and data 
sheet. Observers should indicate in the comments section of the data sheet if a 
“marked” deer is observed during the survey. A marked deer is any deer with a 
radio-collar or vinyl collar. Observers also should indicate whether deer are 
observed on private or park land. 
 
Total number of deer observed on park land should be summed across all 
compartments and multiplied by the sighting index (0.58) to yield an annual 
population index. These indices can be compared among years to determine whether 
deer population size is increasing, decreasing, or stable. Because park vegetation 
communities have retained their open character and other factors affecting deer 
populations (e.g., mortality rate) are not believed to have changed significantly since 
1999, park managers believe this method may still be accurate in estimating deer 
population size also. 
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Reproductive Control Monitoring 

The success of reproductive control would be monitored at both the population and 
individual animal level. The park would continue its fall spotlight surveys and spring 
compartment surveys, at which time observations would indicate if population 
growth had occurred. Additional observations would be made through the collection 
of data from treated deer that are killed on park roadways, related to the number of 
fetuses present, which would indicate if treated animals were infertile. Using 
protocols being implemented by the Pennsylvania Game Commission (PGC) to 
estimate deer reproductive rates state-wide, reproductive tracts from dead female 
deer would be removed and each uterus examined. The number and sex of fetuses 
present would be recorded. Age of fetuses would be determined based on 
measurement of crown-to-rump length and be used to calculate conception dates. 
Pregnancy rate would be defined as the percentage of does sampled that were 
pregnant. Reproductive rate would be defined as the average number of fetuses per 
doe.  

Forest Health Monitoring Through the NPS 
Inventory and Monitoring Program 

Overview  

Knowing the condition of natural resources in national parks is fundamental to the 
service’s ability to manage park resources. The intent of the NPS monitoring 
program is to track a subset of physical, chemical, and biological elements, as well 
as processes of park ecosystems that are selected to represent the overall health or 
condition of park resources. The monitoring program also includes known or 
hypothesized effects of stressors, or elements that have important human values, 
known as “vital signs.” To implement this program, the NPS grouped parks into 32 
inventory and monitoring networks linked by geography and shared natural resource 
characteristics.  
 
Valley Forge NHP is included in the Mid-Atlantic Inventory and Monitoring 
Network (MIDN). The MIDN consists of 10 parks distributed from southern 
Pennsylvania to southern Virginia, and extending from the piedmont to the coastal 
plain. The parks range in size from 224 acres (Booker T. Washington National 
Monument) to 197,411 acres (Shenandoah National Park), and include many sites of 
historical and cultural interest as well as diverse natural resources.   
 
Forest health is one of the vital signs selected for monitoring by the MIDN in 2006. 
Network staff have developed a forest vegetation monitoring protocol that was 
implemented in all parks in the network, including Valley Forge NHP in 2007. The 
goal of the forest vegetation monitoring protocol is to provide scientific data that 
will increase an understanding of the status and trends in forest resources, inform 
park management, and are compatible with other monitoring protocols to facilitate 
regional analyses. Specifically for Valley Forge NHP, the forest vegetation 
monitoring should be capable of addressing questions related to the effectiveness of 
deer management on the health of forest resources in the park.  
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Specific Monitoring Objectives 

� Determine status and trends in forest structure, composition, and dynamics 
of canopy and understory woody species. 

� Determine status and trends in the density and composition of tree seedlings 
and selected herbaceous species that are indicators of deer browse. 

� Detect and monitor presence of invasive nonnative plants, nonnative plant 
diseases and pathogens, and forest pests. 

� Determine status and trends in forest coarse woody debris and the 
availability of snags. 

� Determine status and trends in soil Calcium:Aluminum and 
Carbon:Nitrogen ratios to assess the extent of base cation depletion, 
increased aluminum availability, and/or nitrogen saturation impacting 
MIDN forest soils. 

Basic Approach 

The MIDN forest monitoring protocol is derived from the Forest Inventory and 
Analysis (FIA) approach used by the U.S. Forest Service. Not only is this protocol 
similar to the FIA approach, it also is directly compatible with other networks and 
parks in the northeast, national capital, and southeast regions. The protocol consists 
of permanent plots (20 by 20 meters [m] or approximately 66 by 66 feet) established 
in forested areas at each of the network parks. Trees and shrubs with diameters 
greater than or equal to 10 centimeters (cm) (approximately 4 inches) will be 
identified, measured, mapped, and permanently tagged and marked to ensure their 
accurate relocation and measurement in subsequent years. Tree condition and 
canopy health also will be evaluated. Saplings and small shrubs will be monitored in 
microplots, and twelve 1-square-meter quadrats (approximately 11 square feet) will 
track changes in seedling regeneration, invasive nonnative plants, and indicator 
herbaceous cover. Coarse woody debris will be measured along three transects 
originating in the plot, and a soil sample will be collected to evaluate changes in 
basic chemistry that can result from acid deposition.  
 
Plots will be randomly located within forested areas at each park to ensure that 
inferences can be made regarding the condition of the park forested habitat with a high 
degree of statistical confidence. The number of plots at each park will be related to 
total forest area represented. Plots will be sampled on a 4-year rotating panel design, 
with one panel sampled each year at each park. Therefore, one quarter of the plots at a 
park will be monitored each year so as to detect possible inter-annual variation. 
Between 2007 and 2009, 21 plots were established and sampled in the park. An 
additional seven plots will be established and sampled in 2010. The first data summary 
would be completed in 2011. 

Integration with Current Monitoring 

Valley Forge NHP is currently monitoring vegetation in 30 permanent paired plots 
(fenced and unfenced). Vegetation in the fenced plots (deer exclosures) provides 
valuable information on the potential forest structure and composition in the absence 
of deer. Unfenced plots represent forest conditions in the presence of deer. 
Achieving target values for a variety of metrics that are linked to these plots seems 
reasonable. Data from these plots will indicate when the structure and composition 
of the forest reaches a predefined proportion of what is found in the fenced plots. 
Therefore, the new plots established by MIDN should collect information that 
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allows for comparative analyses, or data collected in the current plots should be 
modified to meet the standards established by the new plot network. Adjustments 
appear to be minor based on the current and proposed methods. 

Issues Considered for New Plots 

Given time and budget considerations, the MIDN estimates that it can complete 75 
plots per year throughout the network to reach a total of 300 plots monitored. 
Allocation across parks in the network will be based on extent of forest to be 
sampled. Therefore, it is estimated that Valley Forge NHP will have about 28 plots. 
The ability to detect change will be increased by having more plots across the 
landscape than fewer, more intensively monitored plots.  

Metrics Relevant to Deer Management Success 

Deer are directly reducing the regeneration capacity of the forests at Valley Forge 
NHP through intensive grazing. The forest monitoring should be capable of 
detecting whether the target deer densities are having a desired effect through forest 
recovery. Two important components of the forest monitoring plan include measures 
of seedling and sapling regeneration and cover of herbaceous plants, including 
invasive nonnative species. 

Seedling and Saplings 

Stocking rates established by McWilliams et al. (2004) and metrics for 
determining these rates will be used in the new monitoring plots. MIDN will 
sample seedlings greater than 5 cm (approximately 2 inches) in height but less 
than 1 cm (approximately 0.4 inches) diameter breast height (dbh) in twelve 1 
square-meter (approximately 11 square feet) quadrats that are spread throughout 
the plot. MIDN will record the number of live, established tree seedlings by 
species within the height classes (Table A-1). Weighting factors are applied 
according to the height class; therefore, one seedling that is greater than 1.5 m 
(approximately 5 feet) in height is equivalent to 50 seedlings that are 0.05-0.3 m 
(approximately 0.2-1 foot) in height. The forest will be considered adequately 
stocked if there is an average of 24 seedlings in the twelve 1-square-meter 
quadrats (approximately 11 square feet), or about 2 seedlings per 1 square meter. It 
is likely that natural stocking rates may vary across forest communities. Therefore, 
the original deer exclosures will be maintained as a measure of the potential 
seedling density possible, bearing in mind that these exclosures are located only on 
Mount Misery and Mount Joy. 
 
 
 
 
 
 

   
 
 
 
 

Source: Tierney and Faber-Langendoen 2006, modified from 
McWilliams et al. 2004. 

 

Table A-1 Height Class Categories for 
Enumeration of Seedlings 

Height Class Weighting Factor 

0.05-0.3 m 1 

0.3-1 m 2 

1-1.5 m 20 

>1.5 m 50 
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Herbaceous Vegetation 

Sampling of herbaceous vegetation will also be included in the twelve 1-square-
meter quadrats. Herbaceous cover, especially nonnative invasive species, will 
influence the regeneration capacity of tree seedlings. Therefore, being able to 
directly correlate herbaceous cover to seedling density is an important metric, 
especially when regeneration rates are low even at low deer densities. Monitoring 
will focus on indicator species rather than a complete enumeration of herbaceous 
plants within the quadrats, including invasive nonnative plants, species that are 
considered to be highly preferred by deer as browse, and those species that are 
actively avoided by deer (Table A-2). Total herbaceous cover will be included as a 
metric for each quadrat. Percent cover classes will be assigned as follows: 0, <1, 1-2, 
2-5, 5-10, 10-25, 25-50, 50-75, 75-95, and 95-100%. 
 
 

Table A-2 Preliminary Herbaceous Target Species to be Measured in 
Twelve 1-square-meter Quadrats 

Species Common Name 

Exotic (E) 
or Native 
(N) Comments 

Akebia quinata Five-leaved akebia E  

Alliaria petiolata Garlic mustard E  

Ampelopsis brevipedunculata Porcelain berry E  

Berberis thunbergii Japanese barberry E  

Celastrus orbiculatus Oriental 
bittersweet 

E  

Centaurea biebersteinii Spotted knapweed E  

Cirsium arvense Canada thistle E  

Clematis terniflora Yam-leaf clematis E  

Duchesnea indica Indian strawberry E  

Euonymus fortunei Creeping 
euonumous 

E  

Glechoma hederacea Ground ivy E  

Hedera helix English ivy E  

Hemerocallis fulva Common daylily E  

Lespedeza cuneata Chinese lespedeza E Sericea lespedeza 

Lonicera japonica Japanese 
honeysuckle 

E  

Lonicera spp. Bush honeysuckles E  

Microstegium vimineum Japanese stiltgrass E  

Polygonum cuspidatum Japanese knotweed E  

Polygonum perfoliatum Mile-a-minute E  

Pueraria montana Kudzu E  

Ranunculus ficaria Lesser celandine E  

Rosa multiflora Multi-flora rose E  

Rubus phoenicolasius Wineberry E  

Vinca minor Periwinkle E  

Arisaema triphyllum* Jack in the pulpit N  

Aralia nudicaulis* Wild sarsaparilla N  
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Table A-2 Preliminary Herbaceous Target Species to be Measured in 
Twelve 1-square-meter Quadrats (continued) 

Species Common Name 

Exotic (E) 
or Native 
(N) Comments 

Eurybia divaricata* White wood aster N  

Ferns (not including those 
below) 

 N As a group 

Grasses  N As a group 

Impatiens capensis*  Jewelweed N  

Lilies  N As a group 

Medeola virginiana*  Indian cucumber N  

Orchids  N As a group 

Podophyllum peltatum Mayapple N  

Polystichum acrostichoides Christmas fern N  

Sedges  N As a group 

Thelypteris noveboracensis New York fern N  

Trillium spp.  N By species 

Vaccinium spp.  N By species 

Smilacina racemosa False Solomon's 
seal 

N  

Source: Schmit and Chojnacky 2007 
   

Monitoring of Forest Understory Vegetation 
in Fenced and Unfenced Plots 

In 1992, staff at Valley Forge NHP implemented a fixed plot monitoring system to 
evaluate changes in vegetation over time in two large forested areas at Valley Forge 
NHP. The objectives of this monitoring system are to: 1) describe the existing 
understory plant community on Mount Misery and Mount Joy in terms of species 
richness and abundance; and 2) determine changes in abundance and species 
composition of understory plant communities in fenced and unfenced plots over time.   
 
Thirty vegetation sample sites were randomly located on Mount Misery and Mount 
Joy (15 in each area). At each sample site, paired plots were established where one 
plot was fenced to exclude deer, but no other herbivores. The control, or unfenced, 
plots were located 36.5 m (approximately 120 feet) from the center of the fenced plot 
in a random direction (except 3 plots were located 10-27.4 m away [approximately 33-
90 feet]). Each plot was 2 by 2 meters in size (approximately 7 by 7 feet). Data was 
collected from fenced and unfenced plots in 1993, 1995, 1998, and 2003 and will 
continue to be collected approximately every 5 years. Data collected within each 
vegetation sample plot allows comparison of species diversity, herbaceous cover, and 
tree seedling density between fenced and unfenced plots. It also promotes 
identification of trends over time. Most tree, shrub, vine, and herbaceous vegetation 
were identified to species, although few only to genera. The number of tree seedlings 
by species was enumerated in all plots. The collection of data related to tree seedlings 
is currently being modified to be consistent with the FIA and MIDN Forest Health 
monitoring protocol by including only those seedlings greater than 5 cm 
(approximately 2 inches) but less than 1 cm dbh (approximately 0.4 inches).   
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Although monitoring conducted by the MIDN will serve as the primary means of 
monitoring success of forest regeneration and general recovery of forested plant 
communities, it is expected that monitoring of the 30 fixed plots will also continue 
for an undetermined amount of time to facilitate overall data interpretation (See 
Integration with Current Monitoring above).  
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